Auditory brainstem responses (ABRs) were studied in 15 adults with suspected normal pressure hydrocephalus (NPH) before and after shunting. The patients were divided into Groups A (shunt-in effective) and B (shunt-effective).
Introduction
Since the issue was first addressed by Hakim and Adams in 1965,8) many investigators have studied the influence of the brain parenchymal damage and the abnormality of cerebrospinal fluid (CSF) on normal pressure hydrocephalus (NPH). None of the preoperative studies, however, has improved predic tion of the outcome. 5, 10, 27, 28 In recent years, measurement of various evoked potentials has been applied as a noninvasive means of studying hydrocephalus. 2,s-7,9,10,12,13,16,19,20,22,29,30) The results suggest that serial measurement of evoked potentials in hydrocephalic patients may be of value in the management of hydrocephalus and in the assessment of its influence on brain function. The majority of those studies, however, were con ducted in infants and children by use of visual evoked responses (VERs).6,7,22,30) Unfortunately, there are problems associated with the use of VERs, including maturational changes and differ ences in the methods of evaluating them. 6, 7, 22) Clinical investigations of hydrocephalus by the use of auditory brainstem responses (ABRs) have also been conducted mainly in infants and children.2°12°'6) Amlie et al.2) and McPherson et al. 16 ) noted prolonga tion of the I-V interpeak latency (IPL) [neural axonal conduction time or central conduction time (CCT)] of ABRs in infants with hydrocephalus, which normalized after shunting. Yamaguchi29) re ported that studies of ABRs indicated some degree of brainstem dysfunction in patients with NPH as well as those with dementia. However, few system atic analyses of pre and post-shunt ABRs have been undertaken in patients with NPH.
In order to assess brainstem function in adults with suspected NPH, we studied ABRs before and after shunt operation, investigated the relationships between ABRs and certain clinical symptoms, and 
Patients and Methods
Fifteen patients with suspected NPH were included in this study and were divided into two groups ac cording to whether shunting was ineffective (Group A Computed tomographic (CT) scans were obtained in each case within 7 days prior to surgery and about 2 months after shunt emplacement.
Hydrocephalus was defined as ventricular enlargement, according to the Evans ratio.') Patients with ventricular dilatation secondary to cerebral atrophy were excluded.
Continuous intracranial pressure (ICP) monitor ing was not performed. However, all patients had normal CSF pressure (<-150 mmH2O) and watery clear CSF, as determined by lumbar puncture.
ABRs were recorded with a Neuropack MEE-4108 (Nihon Kohden Co.) equipped with a stimulator and a recording apparatus. Cup electrodes were placed at the vertex (Cz) and the earlobe ipsilateral to the stimulus (Al or A2) in accordance with the guide lines of the international 10-20 system. The am plifier band-pass was set between 50 and 3000 Hz. Clicks were presented monoaurally through a head phone at the rate of 10 per second at 75 dBSL. The Neurological evaluation was performed before (mean, 5.2 days) and about 2 months after (mean, 51.7 days) shunting. The following clinical grading contralateral ear was masked with 40-dB white noise. Two or three trials per session were obtain ed, and 2000 samples were averaged. The records were then superimposed to determine the reliability. The peak latencies were measured from the onset of the stimulus to the peak of wave I, III, IV-V, or V.',21,25) The 1-111, III-V, and I-V (CCT) IPLs were measured by calculating the difference (in msec) be tween the two corresponding peaks. The CCT is a measure of neural-axonal conduction time in the brainstem.16) ABRs were also recorded from 20 normal controls (nine females and 11 males; mean age, 28.3 years). The CCT was considered abnormal when it exceeded the mean control CCT by 2 SD (Table 2) . Prolonga tion of only the I-III or the III-V IPL was not con sidered abnormal.") We defined a significant shift after shunting as a shortening of the CCT of more than 1 SD of the mean of the control subjects.
Chi-square analysis was used to evaluate in tergroup differences in pre and post-shunt ABRs. A probability level of <0.05 was considered signifi cant. In addition, the correlation coefficients (r) were calculated for evaluation of the relationships be tween pre and postoperative CCT and various clinical parameters, including age, clinical grading, duration of symptoms, and the Evans ratio. The average of the left and right CCT values in individual case was used for analysis. 
Results
Waves I, III, IV • V, and V were always detected in all patients and controls. With the exception of one pa tient, there were no abnormalities in the waveform of peak V or in the IV • V/I ratio24,25) (Fig. 1) . Table 3 shows the IPLs of each patient for waves I-III, III-V, and I-V (CCT), pre and post-shunting. Nine patients (60%) showed abnormal CCT preoperatively; in seven cases the abnormality was bilateral. There was no significant difference in the percentage of patients with abnormal CCT between Groups A and B.
A significant shift after shunting was observed in two of the seven Group A patients (two of 14 ears, 14%) and five of the eight Group B patients (ten of 16 ears, 63%). In Group A, the significant shifts were unilateral. In all five Group B patients they were bilateral, mainly because of decreases in the III-V IPL after shunting. A significantly higher percentage of Group B patients (p < 0.05) displayed such a shift after surgery.
Postoperatively, abnormal CCTs were recorded in four patients (six of 14 ears, 43%) in Group A and two patients (three of 16 ears, 19%) in Group B. Although the difference was not significant, there was a trend toward a greater incidence of CCT ab normality in Group A. No patients deteriorated postoperatively, including those with persistently ab normal CCT.
The only clinical parameter that was significantly correlated with CCT was the preoperative clinical grading, and this correlation was observed only in Group A (r = 0.79, p < 0.05) (Fig. 2 ). There were no other significant correlations in either group. The clinical grading system is described in the text.
Discussion
In the use of ABRs to assess brainstem dysfunction, the value of IPLs, especially that of CCT, which ex cludes the effects of latency variation in the auditory pathway, is well established." 21,25) In this study, 60% of patients with suspected NPH exhibited prolonged CCT on preoperative ABR measurement. Although no specific preoperative ABR abnormalities were found to be predictive of the efficacy of shunting, the percentage of ears showing a significant shift was significantly higher (p < 0.05) in the shunt-effective than in the shunt-ineffective group. Among the eight shunt-effective patients, that is, those with NPH,12) the CCT of five (63%) was shorter more than 1 SD of the mean control value after shunting (mainly due to the III-V IPL), and these patients showed clinical im provement (Tables 1 and 3, Fig. 3 ). Although the ABR alterations were small, these results indicate that brainstem dysfunction can be reversed by shunting in certain cases of NPH.
Some studies have shown dramatic alteration of ABRs, including prolonged CCT and reduced wave V amplitude, with acute elevation of ICP.3,5"5"7,18) It appears that these ABR abnormalities, which are similar to those of one of our patients (Fig. 1) , are mainly correlated with mechanical distortion of the brainstem and focal mass effect.5) On the other hand, Sutton et a1. 261 and Hayashi et al.') found that only communicating hydrocephalus was cor related significantly with both prolonged CCT and absence of ABR activity. Their subjects, however, were infants with shunts, and they did not describe in detail the relationship between ABR abnor malities and the preoperative clinical findings. Our data showed a correlation only between the pre operative clinical grade and prolonged CCT, and only when shunting was ineffective. Otherwise, no correlations were found between CCT and age, postoperative clinical grade, duration of symptoms, or the Evans ratio. This result may mean that shunting is ineffective in patients in whom prolonged CCT is positively correlated with the preoperative clinical grade. As mentioned above, the difference in the relationship between preoperative CCT and clinical grade in the shunt-effective and -ineffective patients may have reflected a difference in the degree of brain parenchymal damage.
We conclude that measurement of ABRs is useful in the clinical assessment of shunted patients. In par ticular, serial measurement of the III-V IPL is a sen sitive index of the efficacy of shunting. In patients who fail to improve after shunting and continue to show prolonged CCT with or without waveform abnormalities, the preoperative diagnosis may have been incorrect or there may be shunt complications.
